Herbivore effects on leaf litter can have a strong impact on ecosystem nutrient cycling. 22
Summary
Although such effects are well described for insect herbivory, research on the impacts of 23 browsing by mammalian herbivores on leaf litter dynamics and nutrient cycling has 24 been more limited, particularly at the level of the individual plant. Clipping treatments 25 (66% shoot removal twice, plus unclipped) were applied to analyse the effect of 26 browsing on the phenology (start date and pattern of leaf shedding) and leaf litter 27 quality (nitrogen, soluble sugars, starch and total non-structural carbohydrate 28 concentrations, plus C:N ratios) of Betula pubescens Ehrh., and Quercus petraea [Matt.] were periodically weeded by hand. To account for initial tree variability and assess the 135 effects of treatments on tree growth, morphological measurements (tree height, length, 136 stem diameter, and number of short shoots and long shoots) were taken from every tree 137 after planting and prior to each clipping and harvest. (Tables 1 and 2 ) and no green leaf fall was observed. Clipped trees had 210 fewer leaves that, in accordance to our first hypothesis, remained on the plant for 211 longer. The starting date of leaf shedding was delayed by, on average, 13 days in birch 212 and 16 in oak (Table 1) . However, the pattern (i.e. gradualness) of leaf shedding 213 remained unaltered by browsing (Fig. 1 , Tables 1 and 2 ). There was no correlation 214 between the slope of the leaf shedding pattern and any litter quality measures except for 215 26% in oak and birch, respectively (Tables 1 and 2) , and also to significantly reduce 218 stem diameter in oak trees (F = 11.180, P = 0.012). 219 220
Effects on leaf litter quality and total N shed per tree 221
The quality (N mass-based concentrations) of the leaf litter shed by both species and 222 treatments was not significantly changed throughout the duration of the experiment 223 ( were increased by 23-27% and 16-48%, respectively, and the C:N ratio decreased for 232 both species (Tables 1 and 2) , particularly in birch (by 28%). Regarding inter-specific 233 differences, birch trees showed higher starch and total non-structural carbohydrate 234 concentrations and lower N concentrations than oaks (Tables 1 and 2 ). Consequently, 235 the litter of birch trees had significantly higher C:N ratios (Tables 1 and 2 ). However, 236 despite the increase in leaf litter quality, browsing severely decreased the amount of N 237 shed per tree, N inputs through leaf litter being decreased by ca. 70% in browsed trees 238 of both species (Tables 1 and 2) . 239 differ to those caused by arthropod herbivory, as described in the literature. Defoliation 243 by arthropods is known to cause earlier shedding of infested leaves in some tree species, 244 hence advancing the timing of (green) In conclusion, as far as we are aware, this study is the first evidence that14 altering its pattern. The observed results were markedly different to those previously 317 reported for arthropod herbivory, which highlights the need to consider the type of 318 damage when discussing herbivory effects on plant performance. Our results also 319 indicate that browsing increases the quality of leaf litter through changes in N and non-320 structural carbohydrate concentrations. However, browsing also severely decreased leaf 321 litter biomass and, consequently, tree N inputs to the soil through leaf litter. Therefore, 322 the potential positive effects of browsing on nutrient cycling through litter quality may 323 be offset by the negative impact on tree litterfall production. 
